HIV infection can affect cardiac autonomic function. We aimed to compare heart rate variability in 29 HIV-infected patients using highly active antiretroviral therapy (HAART), 28 naïve-treatment HIV patients, and diabetics with controls. There was no difference in time index parameters among groups. The normalized power of the low-frequency component (LF) in naïve patients of 39.9 (interquartile interval (IQ), 28.5-65.7) and diabetics of 42.9 (IQ, 14.5-57.7) were decreased compared with controls (67.5, IQ, 37.9-75.4). The normalized power of the high-frequency component (HF) in naïves of 49.7 (IQ,, and diabetics of 53.1 (IQ, 34.5-72.2) were increased compared with controls (27.0, IQ, 19.0-57.3). Naïve and diabetics also presented with lower LF/HF ratios (0.8 (IQ, 0.6-2.3), and 0.9 (IQ, 0.3-1.4),) compared with controls (2.3 (IQ, 0.8-3.3)). We can speculate that HAART improves autonomic imbalance in frequency domain indices because there was no difference between the HAART group and controls.
Introduction
HIV infection can affect the heart, causing myocarditis, pericarditis, dilated cardiomyopathy, endocarditis, arrhythmias, coronary heart disease, and subclinical atherosclerosis [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Since the late 1980's and early 1990's, some studies have also identified changes related to the autonomic system leading to alterations in heart rate, postural hypotension, Valsalva maneuver, prolongation of the QT interval, deep breathing, response to isometric exercise, cold face test, urogenital problems, and mental stress [11] [12] [13] [14] [15] [16] . Most of these autonomic alterations were identified in advanced, untreated cases [11] [12] [13] . Additionally some studies found a correlation between HIV infection and specific autonomic alterations in cardiac innervation and, consequently, cardiac function [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
Recently, studies have evaluated heart rate variability in HIV-infected patients [17-19, 22, 24, 26] , with most showing decreased heart rate variability similar to findings observed in patients with cardiomyopathy [17, 19, 22, 24] . One study found increased heart rate variability [18] , whereas another found no differences in baseline measures but observed a decrease in some heart rate variability parameters after the cold-face test and an increase after the tilt test [26] . Neild et al. evaluated and compared heart rate variability in HIVinfected patients and found variations in patients with cardiomyopathy compared with controls. Heart rate variability parameters were decreased in patients with cardiomyopathy and also to a high degree in HIV-infected patients compared with controls, suggesting an independent severe autonomic dysfunction not associated with heart disease [19] .
Few studies evaluated the effect of treatment on heart rate variability in HIV-infected patients. Correia et al. evaluated 40 patients using highly active antiviral therapy (HAART), 40 treatment-naïve HIV-infected patients (naïve), and 40 controls. The results showed no alterations in heart rate variability in HAART patients compared with naïve patients [26] , suggesting that treatment prevents alterations in heart rate variability. Regarding the duration of disease, Becker et al. found severe autonomic nervous dysfunction in AIDS patients but not HIV-infected patients without AIDS [17] . Rogstad et al. evaluated AIDS patients, HIVinfected patients, and controls. The results showed evidence of substantial autonomic dysfunction in AIDS patients not using HAART compared with controls, but only mild abnormalities in HIV-infected patients [18] , suggesting that the duration and severity of the disease but not the treatment were associated with autonomic dysfunction. All these data showed that there is a lot of conflicting results about the effect of treatment with HAART on the heart rate variability of HIV-infected patients and that more studies comparing HAART and naïve patients are still necessary.
The aim of this study was to compare alterations in heart rate variability in HIV-infected patients using HAART, naïve patients, and healthy controls. We also included a fourth group, diabetic patients, because diabetics have autonomic cardiac dysfunction and may be a reference for comparisons with HAART and naïve patients regarding severity of disease.
Methods
The "Avaliação Geral da Aterosclerose em Adultos" (AGATAA; Atherosclerosis Evaluation in Adults) study is a cross-sectional study designed to evaluate the presence of atherosclerosis in four groups; HIV-infected patients using highly active antiretroviral therapy (HAART), HIVinfected patients not using antiretroviral therapy (naïve), diabetic patients, and apparently healthy controls. All participants agreed to participate in the study and provided written informed consent. The study was approved by the Institutional Review Board.
Sample.
The HAART and treatment-naïve patients were consecutively selected from a tertiary care outpatient clinic specializing in the treatment and followup of HIV-infected patients. Diabetic patients were consecutively selected from an outpatient clinic at the Hospital Universitário, a community and academic hospital affiliated to the University of São Paulo and located in the same area of the city of the tertiary care outpatient clinic specialized in treatment of HIV-infected patients. Control subjects were invited from a worksite periodic health examination from an affiliated institute of the same university. Controls were matched only to age (10-year) and sex with both HIV groups. Diabetes but not hypertension was an exclusion criteria for the control group; all patients agreed to submit to a protocol similar to the protocol applied to HIV-infected patients. Both groups had free access to medicines.
The mean time for diagnosis of HIV infection was different for HAART patients (10.4 ± 3.7 years) and for naïve patients (6.5 ± 4.8 years), P = 0.001. Patients using HAART presented a mean time of treatment of 7.7 (3.4) years. Mean nadir of CD4+ T-lymphocyte count was 207 (190) per mm 3 for HAART group and 448 (176) for naïve subjects and the actual number of CD4+ is of 701 (400) for HAART and of 609 (307) for naïve patients. The median current viral load was of 3,741 (10,312) for HAART and of 16,430 (27,151) for naïve and most of HAART patients presents a viral load <49 copies/mL compared to no one in the naïve group (P < 0.0001). No difference was found regarding CRP values among the groups. The mode of infection of these participants was as follow: heterosexual contact (40.3%), homosexual (45.6%), injecting drug users (12.3%), and unknown (1.8%).
Measurements.
Anthropometric parameters were measured using standardized equipment and techniques according to the recommendations of World Health Organization and the Centers for Disease Control and Prevention (CDC) [27, 28] . The following anthropometric measurements were recorded: weight, height, and waist and hip circumferences. All parameters were measured once except waist circumference, which was measured twice. Body mass index was obtained by dividing the weight in kilograms by the square of the height in meters [27] . Waist-to-hip ratio was obtained by dividing the waist circumference by the hip circumference [27] .
Resting blood pressure and heart rate were measured three times in the seated position after a 5-minute rest. Measurements were obtained with an oscilometric sphygmomanometer (Omron 705CP) using an appropriate cuff on the nondominant arm. Blood pressure and heart rate were determined as the mean of two measurements.
Blood Samples.
A blood sample was collected in the morning after a 12-hour fast to measure total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides. All participants, except confirmed diabetic patients, were given a glucose overload tolerance test (fasting glucose and after two hours of glucose overload).
Heart Rate Variability.
Electrocardiography was performed using a digital electrocardiograph (Micromed, Brazil) at a sampling ratio of 250 Hz. Wincardio (4.4a) software was used to automatically generate the R-R interval series from a selected EGG lead. Incorrect detections or ectopic beats were removed manually. ECG recordings were obtained from each participant while they were breathing spontaneously in a quiet room. The ECG record was obtained after five minutes of rest in a supine position.
Heart rate variability was assessed in time and frequency domains. Time domain analyses included mean RRi (ms), variance (ms 2 ), standard deviation of all NN intervals (SDNN), the proportion derived by a division of the number of pairs of adjacent NN intervals differing by more than 50 ms in the entire recording (NN50) by the total number of all NN intervals (pNN50), and, finally, the square root of the mean of sum of the squares of differences between adjacent NN intervals (r-MSSD). Frequency domain analyses included low-frequency band (LF, 0.04-0.15 Hz), highfrequency band (HF, 0.15-0.4 Hz), and LF/HF ratio, and were also presented as normalized values [28, 29] . Power spectral analysis was performed with an autoregressive method and the model order was set at 16 [30] . Matlabcustomized software was used to determine temporal and spectral parameters of heart rate variability analyses.
Clinical Evaluation.
A patient was classified as hypertensive based on a self-reported medical diagnosis of high blood pressure, current treatment for hypertension, or a casual blood pressure ≥140/90 mm Hg [31] . A patient was classified as diabetic based on a self-reported medical diagnosis of diabetes, current treatment for diabetes, or a positive tolerance test (after a glucose overload, a serum glucose level greater than 200 mg/dL measured after 120 minutes) [32] . A HIV-infected patient that also had a diagnosis of diabetes was classified as HAART or naïve. A patient was classified as dyslipidemic based on a self-reported medical diagnosis of hypercholesterolemia or hypertriglyceridemia, current treatment for hypercholesterolemia or hypertriglyceridemia, LDL-cholesterol ≥130 mg/dL, HDL-cholesterol ≤40 mg/dL, or triglycerides ≥150 mg/dL [33] .
2.6. Statistical Analyses. Categorical variables were expressed as proportions. The chi-square test was used where appropriate. For continuous variables with normal distribution, we used analysis of variance (ANOVA) with post hoc Bonferroni test evaluation. Data on heart rate variability parameters were expressed as medians with interquartile intervals. Medians were compared using the Kruskal-Wallis nonparametric test and the Mann Whitney post hoc test for multiple comparisons. Mean values for high (HF) and low (LF) frequencies were also expressed as normalized values. Sample distribution or spread differences between the two groups were verified considering the indice values shown by the groups of participants that were below the 25th or above the 75th percentile observed in the control group to identify distinctive functional patterns among individuals in the four groups. For all tests, a two-tailed P value less than 5% was considered significant. The analysis was done using SPSS (Statistical Package for Social Sciences) 16.0.
Results
The general characteristics of the subjects are shown in Table 1 . The mean age of patients with diabetes was higher compared to the mean age of subjects in the other groups (for HAART, P = 0.009; for naïve, P < 0.0001; for controls, P = 0.001). Diabetics have presented a higher BMI compared to HAART (P = 0.01) and naïve (P = 0.04) patients and have also presented a higher waist measurement compared to the other groups (for HAART, P = 0.007; for naïve, P < 0.0001; for controls, P = 0.001). Regarding systolic blood pressure, only patients in the naïve group were different from diabetic patients (P = 0.03). Table 2 shows the mean values of the RR intervals. There was no difference in the time index components according to the groups. However, the normalized low frequency component in the naïve and diabetic groups compared with controls (P = 0.03 and P = 0.004, resp.) and the normalized high frequency component, the median of the naïve and control groups, was higher compared with controls (P = 0.02 and P = 0.005, resp.). Naïve (P = 0.02) and diabetic patients (P = 0.004) had a lower LF/HF area compared with controls. There were five diabetics in the HAART group and one diabetic in the naïve group, but the results did not change when these patients were excluded from the analyses. Table 3 shows the proportion of participants with HIV (both those receiving or not receiving treatment with HAART), and those with diabetes with time and frequency domain indices of heart rate variability, inside the limits or under or above the interquartile interval of the control group. For HIV-infected patients using HAART, most of the parameters analyzed for time domain indices are completely or at least partly below the control 25th percentile (42.8%) compared with parameters completely or at least partly above the 25th percentile of the control group (32.2%), with 17.9% of HAART patients with more than one index simultaneously below the 25th percentile and above the control 75th percentile of the control group. For naïve patients, 46.4% had parameters completely or partly above the 75th percentile followed by 25% of parameters completely or partly below the 25th percentile, and 17.9% with more than one index below the 25th percentile and above the 75th percentile of the control group. For diabetics, 16.7% of all indices are within the control interquartile range, followed by 33.4% of indices below the 25th percentile, 26.1% above the 75th percentile, and 23.8% both below the 25th percentile and above the 75th percentile.
Regarding frequency domain indices, the number of parameters within the control interquartile range was higher compared with time domain indices, with 39.3% HIVinfected (HAART and treatment-naïve) patients and 38.1% of diabetics within the control interquartile range. However, most parameters were completely or partly below the 25th percentile or above the 75th percentile in 46.%, 42.8, and 50% of HAART, naïve, and diabetic patients, respectively, (Table 4 ).
Further analysis comparing both genders did not show any differences among men and women (data not showed).
Our results suggest that previous evidence of impaired autonomic function associated with HIV infection in treatment-naïve patients could be similar to that found in diabetics. The normalized low-frequency component was decreased in HIV-infected, treatment-naïve patients, and diabetics compared with controls, whereas the highfrequency component was higher in treatment-naïve and diabetic patients compared with controls. Consequently, the LH/HF ratio was different, with the treatment-naïve and diabetic patients having decreased ratios compared with controls. Based on these results, we can speculate that treatment with HAART improves the autonomic imbalance in frequency domain indices because there was no difference between the HAART group and the control group. No difference was found among the groups for time domain indices.
Discussion
Although autonomic dysfunction has been detected in AIDS patients since the 1980s, its effect on heart rate variability is not yet clearly defined. Most studies show a decreased autonomic cardiac function in AIDS patients for both time and frequency domain indices. However, patients included in 4 HAART: highly active antiretroviral therapy. a Mean (standard deviation); b High blood pressure defined by self-report medical history of hypertension or current treatment for hypertension or systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg; c Diabetes defined by self-report medical history of diabetes or current treatment for diabetes or a 120 minutes glucose test ≥200 mg/dL; d Dislipidemia defined as self-reported medical history of dislipidemia or current treatment for dislipidemia or LDL-cholesterol ≥130 mg/dL, HDL-cholesterol ≤40 mg/dL or triglycerides ≥150 mg/dL. e Group HAART / = Group diabetes, P < 0.009; f Group naïve / = Group diabetes, P < 0.0001; g Group diabetes / = Group control, P = 0.001; h Group HAART / = Group diabetes, P = 0.01; i Group naïve / = Group diabetes, P = 0.04; j Group HAART / = Group diabetes, P < 0.007; k Group naïve / = Group diabetes, P < 0.0001; l Group diabetes / = Group control, P = 0.001; m Group HAART / = Group control, P = 0.003; n Group diabetes / = group control, P < 0.002; o group naïve / = group diabetes, P < 0.03. p P values for differences among the four categories applying F-test for continuous variables and or Chi-square for categorical variables. HAART: highly active antiretroviral therapy; SDNN: standard deviation of all NN intervals; pNN50: the proportion derived by a division of the number of pairs of adjacent NN intervals differing by more than 50 ms in the entire recording by the total number of all NN intervals; r-MSSD, the square root of the mean of sum of the squares of differences between adjacent NN intervals; LF: low frequency; HF: high frequency. P values for differences among the four categories applying F-test for continuous variables and or Chi-square for categorical variables. * Median (interquartile interval). a diabetics / = controls, P = 0.006; b diabetics / = controls, P = 0.01; c naïve / = controls, P = 0.05; d diabetics / = controls, P = 0.004; e naïve / = controls, P = 0.03; f diabetics / = controls, P = 0.004; g naïve / = controls, P = 0.02; h diabetics / = controls, P = 0.005. the studies and the autonomic tests used were heterogeneous making comparisons between studies difficult. However, most studies evaluated heart rate variability in the supine position, permitting some comparisons. In 1997, Becker et al. evaluated heart rate variability in HIV-infected and AIDS patients and controls. Median values of abnormal heart rate variability parameters (<10th percentile of the controls) were found in 9.1% of AIDS patients, but no difference was found between HIV-infected patients and controls [17] . AIDS patients exhibited a decrease in fourteen heart rate variability parameters, including time and frequency domains (93.3%), compared with healthy people, whereas HIV-infected patients (pre-AIDS) showed a trend towards decreases in five heart rate variability parameters (33.3%) compared with healthy controls. Only seven (20%) of the HIV-positive patients were receiving zidovudine [17] . Mittal et al. evaluated naïve patients and controls. All time and frequency domain indices were decreased in the naïve patients compared with controls [22] . Sakhuja et al. evaluated HIV-infected patients and controls regarding heart rate variability. Except for variance, no difference was found between HIV-infected patients and controls in the sample [24] . Correia et al. evaluated heart rate variability in a group of HAART patients, a group of HIV-infected, treatmentnaïve patients, and controls. Except for the normalized power of the low frequency (LF) component and the LF/HF ratio, which was significantly decreased in the naïve group compared with HAART patients and controls, no differences were found [26] . However, Rogstad et al. evaluated heart rate variability and other cardiovascular autonomic tests in HIVinfected inpatients and controls. Significant differences were found between AIDS patients and controls for supine heart rate variability, with AIDS patients having a higher heart rate, suggesting unopposed cardiac sympathetic activity (P < 0.001) [18] .
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Our results did not show any differences in time domain indices among the groups. However, we found lower normalized LF component values in naïve and diabetic patients compared with controls, and higher normalized HF component values in naïve and diabetic patients compared with controls. As a consequence, the LF/HF area in naïve and diabetic patients were lower compared with controls (P = 0.04), similar to the results found by Correia et al. for HIV-infected, treatment-naïve patients [26] . We did not find any differences between the HAART and naïve groups; however, in both studies, HAART patients showed an intermediary value for the LF/HF ratio that was between the naïve (the lowest value) and controls (the highest value), but the difference was not statistically significant.
Our study included an additional group of patients with diabetes. Cardiovascular autonomic neuropathy is frequently present in diabetic patients, and can cause abnormalities in heart rate control and alterations in central and peripheral vascular dynamics [34] . Some studies identified reduced time and frequency domain indices in heart rate variability in diabetic patients [35] [36] [37] [38] [39] [40] . Our objective in including a diabetic group in the study was to compare the severity of autonomic dysfunction in HIV patients with diabetics with controls. Diabetes is a disorder that effectively compromises cardiovascular autonomic function, and can be used as a reference for autonomic imbalance. Our results for naïve patients were very similar to the results for diabetics regarding normalized low and high frequency areas and the LF/HF area, which was in contrast with the HAART group, which never had values that were statistically different from the control group.
In general, we did not find large differences in heart rate variability among the groups. One possibility is that our measures were restricted to heart rate variability in a supine position. Several other tests can evaluate cardiovascular autonomic neuropathy such as the cold-face test, tilt test, or measurement of heart rate variability under different conditions like the Valsalva maneuver or deep inspiration. Although the sample size was not very large, it is also possible that because we included other tests and had an increased number of patients in each group compared to previous reports, we were able to find more differences among them. However, our results are very similar to those of Correia et al. regarding the HAART and naïve groups compared with controls, suggesting that treatment for HIV-infection may improve the autonomic alterations [26] . Both our and the Correia et al. studies were performed in Brazil; hence, it is possible that some characteristics of heart rate variability in HIV-infected patients are related to aspects of HIV-infection in Brazilian patients.
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A possible common pathway for cardiovascular autonomic neuropathy in HIV infection and diabetes is systemic inflammation. Lampert et al. studied 264 middle-aged male twins free of symptomatic coronary heart disease with 24hour heart rate variability measurement correlating with inflammatory markers that are traditional cardiovascular risk factors, including ultrasensitive C-reactive protein (CRP) and interleukin 6. The results showed an association between CRP and decreased variability, even after controlling for traditional cardiovascular risk factors [41] . In our study, we did not find any association between CRP levels and HRV parameters.
Our study has some limitations because we only evaluated short-term heart rate variability in the supine position in a small sample. However, it is one of the first analyses that included HAART, HIV-infected, treatment-naïve, and diabetic patient groups and compared them with a group of controls.
Conclusion
Our results suggest that cardiovascular autonomic neuropathy in naïve and diabetic patients is similar, with a decrease in normalized LF, increase in normalized HF, and a decrease in the LF/HF ratio compared with the control group. Our results could also suggest that treatment for HIV infection is possibly effective in improving autonomic dysfunction.
